Objective: To determine the contributions of genetic and environmental influences to variation in self-report of obsessivecompulsive (OC) symptoms in a population-based twin sample of adolescent boys and girls. Method: Self-report ratings on the eight-item Youth Self-Report Obsessive-Compulsive Scale were collected in Dutch mono-and dizygotic twin pairs who participated at age 12 (N = 746 twin pairs), 14 (N = 963 pairs), or 16 years (N = 1,070 pairs). Structural equation modeling was used to break down the variation in liability to OC symptoms into genetic and environmental components.
When considering the etiology of obsessive-compulsive disorder (OCD) or obsessive-compulsive (OC) symptoms, one could regard adolescence as a natural experiment during which a wide range of developmental and environmental changes occur in a short period of time. Therefore, this episode is of special interest when studying the dynamics between genes, development, and environment. In OCD, a bimodal distribution of age at onset has been found, with one peak occurring in preadolescent childhood and another peak in adulthood. 1, 2 Early age at onset of OCD is also associated with tic disorder, 3, 4 and the morbidity risk of OCD in family members of OCD subjects with early-onset OCD is higher than in relatives of late-onset OCD probands. 5, 6 Furthermore, adult studies found an equal representation of men and women with OCD, or a slight female preponderance, whereas in clinical studies, early age at onset of OCD is associated with male preponderance. 7 These observations would suggest that adolescence could be a period in which genetic and environmental etiological factors in OCD change in a relatively short period of time, offering a window of opportunity to study the genetics of OCD and OC symptoms. The aim of this study is to estimate the genetic and environmental contributions to OC symptoms in the adolescent period.
To disentangle genetic and environmental factors, twin or adoption studies are needed. No adoption studies of OCD have been published. Twin studies of OCD have evolved from case studies with patients with OCD to large-scale studies of unselected subjects. In these studies, the entire distribution of OC symptoms 8 is analyzed, assuming that OC symptoms are continuous with OCD. Mathews et al. 9 substantiated this assumption by finding evidence of a heritable unidimensional symptom factor underlying obsessionality. Additional evidence of this assumption comes from the observation that family members of patients with OCD have fewer OC symptoms that their family members with OCD, but more than controls. 5 In recent years several twin studies have been published examining OC symptoms in children. Eley et al. 10 examined 4,564 four-year-old twin pairs in a British population-based twin study and included four items to assess OC symptoms. A heritability estimate of 65% was found. The remaining variance was accounted for by nonshared environmental influence. Hudziak et al. 11 conducted a large twin study on OC behavior in children, assessed by the Child Behavior Checklist Obsessive-Compulsive Scale (CBCL-OCS), 12, 13 in American and Dutch samples. OC behavior was assessed at ages 7, 10, and 12 years in the Dutch twins and at approximately 9 years in the American twins. Heritability in the Dutch sample was approximately 55% at ages 7 and 10 years and dropped to 36% at age 12. The American sample showed a heritability of 55%. Small but significant shared environmental influences were seen at age 12 in the Dutch children. Significant sex differences in heritabilities were only seen in the U.S. data. Bolton et al.
14 assessed 854 six-year old British twin pairs by maternal-informant diagnostic interviews using DSM-IV criteria. The effect of familial factors was estimated at 47% for subthreshold OCD. The study lacked the statistical power to distinguish between shared environment and genetic factors to explain the familial aggregation. Last, followup research of the Hudziak et al. 11 study investigated stability over time in twins ages 7, 10, and 12 years using a multirater design. 15 A moderate stability with phenotypic correlations of approximately 0.50 for boys and for girls was found. Stability of OC behavior was influenced by genetic factors, environmental factors shared by children growing up in the same family, and nonshared environmental factors. Shared environment was observed to be important especially at age 12.
In adults, Clifford et al. 16 analyzed the 42-item version of the Leyton Obsessional Inventory, 17 obtained in 419 adult male and female twin pairs. The heritability of the obsessive symptoms was estimated at 47%. Jonnal et al. 18 examined data from 527 pairs of female monozygotic (MZ) and dizygotic (DZ) twins from the Virginia Twin Registry, using 20 items of the Padua Inventory. 19 The best model for these data suggested heritabilities of 33% and 26% for obsessiveness and compulsiveness, respectively. van Grootheest et al. 20 obtained the Young Adult Self-Report Obsessive-Compulsive Scale (YASR-OCS) from 5,893 MZ and DZ twins and 1,304 additional siblings and found a heritability of 39% in males and 50% in females.
As far as we know, no study has examined the genetic and environmental contributions to variation in OC symptoms during adolescence. In the current crosssectional study, Dutch twins completed a self-report on OC behavior around their 12th, 14th, or 16th birthday. We aimed to determine the genetic architecture of OC symptoms self-report items in adolescence and to address the following questions: What is the contribution of genetic and environmental influences on self-reported OC behavior in adolescence? Are there sex differences in the contributions of genetic and environmental risk factors for OC symptoms in adolescence?
METHOD

Participants
The study was part of an ongoing study of emotional and problem behavior in young twins who are registered with the Netherlands Twin Register. 21, 22 We analyzed data from twin pairs who reported on their behavior with the YSR-OCS when they were 12, 14, or 16 years old. 22 A survey that contained the YSR-OCS was send by mail to the twins, after parents gave consent. Twins who did not return the forms within 2 months received a reminder. The overall family response rate was 56.1%.
Zygosity was determined by DNA or blood group polymorphisms in 52.4% of the same-sex twin pairs. For the remaining samesex twin pairs, zygosity was assessed by questionnaire items about physical similarity and frequency of confusion of the twins by family and strangers. Zygosity was correctly classified by questionnaire in 93% of the cases. 23 
Measures
The twins completed the eight-item YSR-OCS ( Table 1 ). The YRS-OCS was first developed and tested in young children using CBCL parental report (CBCL-OCS), 12, 13 and then tested on selfreport data in the YASR-OCS. 20 The YASR-OCS showed satisfactory psychometric properties with a sensitivity and specificity of 82% and 70%, respectively, in predicting OCD, when comparing an OCD group to a mixed psychiatric diagnosis group. Cronbach " was .69. The YSR-OCS makes use of the same eight items and showed a Cronbach " of .67 within the current adolescent population (all ages taken together). Both the YSR-OCS and YASR-OCS have the same format as the CBCL-OCS, 12 except that YSR and YASR items are worded in the first person. The CBCL-OCS showed high sensitivity and moderate specificity in predicting a DSM-IV diagnosis of OCD in children and adolescents in several studies. 12, 13, 24 We summarized the psychometric results of the CBCL-OCS of these studies in Table 2 .
Analyses
MZ twins share all of their genes, whereas DZ twins share on average half of their segregating genes. This different degree of genetic relatedness between MZ and DZ twins is used to estimate the genetic and environmental contributions to the variance of a trait. The total variance can be broken down into additive genetic variance (A), shared environmental variance (C), and nonshared environmental variance (E). A is due to additive effects of different alleles, C is due to environmental influences shared by members of a family, and E is due to environmental influences not shared by members of a family. E also includes measurement error and is therefore always included in the models.
A first impression of the relative importance of each component is obtained by inspecting the twin correlations. MZ correlations twice as high as DZ correlations indicate additive genetic influences on twin resemblance. DZ correlations higher than half of the MZ correlations designate shared environmental influences in addition to genetic influences. MZ correlations as high as DZ correlations indicate only shared environmental influences and no genetic sources of variance. 25 The proportion of phenotypic variance due to genetic influences is known as the heritability (h 2 ). Structural equation modeling, as implemented in Mx, 26 was used for data analyses. Mx provides parameter estimates by maximizing the raw data likelihood. The goodness of fit of different models was evaluated by hierarchical likelihood ratio tests. Subtracting the 2 log likelihoods (j2LL) from each other yields a statistic that is asymptotically distributed as 2 2 with df equal to the difference between the number of parameters in the two models. According to the principle of parsimony, models with fewer parameters (e.g., AE compared to ACE) were preferred if they did not give a significant deterioration in model fit. In addition, the Akaike information criterion (AIC), 27 a goodness-of-fit index that considers the rule of parsimony, was calculated. More details of genetic model-fitting analyses are reviewed elsewhere. 28 Because the data exhibited a pronounced right skew at all ages, we used a threshold model with three thresholds. By using a threshold model, genetic analyses are carried out on an underlying continuous distribution of liability to the disorder. The number of thresholds, defining categories (e.g., unaffected, mildly affected, severely affected) 29 are chosen in such a way that the number of individuals was .87
Note: CBCL-OCS = Child Behavior Checklist Obsessive-Compulsive Scale; YSR-OCS = Youth Self-Report Obsessive-Compulsive Scale; OCD = obsessive-compulsive disorder.
roughly similar in each of the categories without the presence of empty cells (e.g., category not including any person).
We started with a saturated model, in which all thresholds and all twin correlations were estimated freely. Because a threshold model was used, polychoric correlations were obtained, which represent the resemblance between twins on the liability for OC symptoms. We tested whether thresholds were the same for first-born and secondborn twins, for MZ and DZ twins to examine effects on the prevalence of OC symptoms, and for boys and girls to examine sex differences in the prevalence of OC symptoms. The saturated model provides a baseline model against which genetic models were compared. In the genetic models, the significance of sex differences in the estimates for the influences of A, C, and E were tested. The significance of the contributions of additive genetic influences and shared environmental influences was tested by assessing the deterioration in model fit after each component was constrained at zero in the full model.
RESULTS
In the saturated model, no effect of birth order or zygosity was detected at any age ( p values > .05) on the thresholds. There was no sex effect on the thresholds at age 12 ( 2 2 3 = 2.16., p = .54). However, at ages 14 and 16, the thresholds were significantly lower for girls ( 2 2 3 = 43.94, p < .001 and 2 2 3 = 42.57, p < .001, respectively), indicating that girls score higher than boys on the YSR-OCS at the ages of 14 and 16.
Polychoric twin correlations are presented in Table 3 as a function of zygosity and age. At age 12, shared environmental factors seem to be of importance because MZ correlations are less than twice the DZ correlations. Except for boys at age 16, with MZ correlations smaller than twice the DZ correlations, at ages 14 and 16, MZ correlations are clearly about twice the DZ correlations, indicating the influence of genetic factors, but not shared environment. The twin correlations in opposite-sex twin pairs were not attenuated compared to the correlations in same-sex dizygotic twin pairs ( p values > .05) at three different ages. This means that there is no indication for sex-specific genes influencing variance in YSR-OCS scores.
Model-fitting results are given in Table 4 . Starting from the saturated threshold model, the full ACE threshold model with sex differences in variance components fits the data well at all ages ( p values > .05). From the full model we constrained the estimates for additive genetic, shared environmental, and nonshared environmental factors to be equal across the sexes. At all ages, this model did not worsen the fit ( p values > .05), meaning that the relative effects of these components were the same in boys and girls.
At age 12, the ACE model without sex differences gave a standardized estimate of .27 for genetic variance and .18 for shared environmental variance. We fitted both an AE and a CE model. Both models fit the data, although the AE model ( 2 2 1 = 2.5, p = .12) fit slightly better than the CE model ( 2 2 1 = 3.5, p = .06). A closer look at the Akaike information criterion fit index showed that the ACE model without sex differences fit the data the best, suggesting that both genetic and shared influences play a role in individual differences in OC symptoms, regardless of sex.
At ages 14 and 16, the estimates of the shared environmental variance were zero. An AE model was the best fitting model for the data. Individual differences in OC symptoms were explained by additive genetic influences (57% and 54% at ages 14 and 16, respectively) and nonshared environmental effects (43% and 46% at ages 14 and 16, respectively). Next, we tested whether genetic and nonshared environmental influences were of the same magnitude for adolescents at 14 and 16 years of age. At both ages, genetic influences accounted for 55% of the variation in OC symptoms 
DISCUSSION
To our knowledge, this is the first twin study of OC symptoms in adolescents, revealing that individual differences in OC symptoms are heritable throughout puberty, with shared environmental influences only playing a role at the beginning of adolescence. No sex differences in heritability estimations were found, and individual differences in OC symptoms are influenced by the same additive genetic factors in boys and girls. Female adolescents scored higher on the OCS than males at the ages of 14 and 16, but not at the age of 12.
The finding of equal prevalence of OC symptoms in boys and girls at age 12 is in line with the study of Hudziak et al., 11 who found no sex differences in scores at ages 7, 10, and 12. The prevalence of OC symptoms in boys and girls within community samples seems to be more similar than in clinical samples with OCD, where boys outnumber girls. Interestingly, at the ages of 14 and 16, girls showed a higher prevalence of OC symptoms than boys. This is in line with a recent study using the YASR-OCS in adults, which found significantly higher prevalence for women and also with clinical and epidemiological findings of a slight preponderance in the prevalence of OC symptoms in women. 20 These results strongly suggest that sex differences in prevalence develop in early puberty and that these sex differences persist until adulthood.
The finding of shared environmental influences of 18% in this study at age 12 is remarkably similar to that of 16% found in the study of Hudziak et al., 11 who used essentially the same sample as the present study. Note that the study of Hudziak et al. 11 presented mother ratings, whereas the present study used self-reports. van Grootheest et al. 15 also found shared environmental influences to be important (approximately 30%) at age 12 using a design with both maternal and paternal ratings of OC symptoms. This means that the same results (i.e., no sex differences in prevalence and significant shared environmental influences) were found in a variety of studies using different ratings and raters, underscoring the relevance of these shared influences at age 12. Recently, we also found shared environmental influences at age 12 to be important for loneliness 30 and depression/anxiety. 31 This could mean that shared environmental influences are not specific for OC symptoms, but indicate an age-dependent family Note: Boldface type represents the best fitting model for that sample. a 2 , c 2 , e 2 = the proportion of variance of A, C, and E, respectively, and is calculated by squaring the parameters a, c, and e and dividing them by the total variance. YSR-OCS = Youth Self-Report ObsessiveCompulsive Scale; LL = log likelihood; AIC = Akaike information criterion; A = additive genetic effects; C = shared environmental effects; E = nonshared or individual specific effects. environment factor to exacerbate internalizing psychopathology in general at that age. The question remains as to which factors cause the emergence of shared environmental influences at this age. Although somewhat speculative, the age of 12 is the key age for the transition from primary to secondary school in the Netherlands, a well-known stressful event. 32 When leaving the old school to enter the new, children leave their old peer group to build a new one and therefore rely more on family life than before. Considering the demands in this transitional period, families may differ in dealing with these stressful events. This conclusion also has clinical consequences. Given that cognitivebehavioral therapy could clearly be seen as a potential environmental mediator of OC symptoms, involving family members in behavioral treatment of OC symptoms may be best aimed at the very young when shared environment is in play. 33 A closer look at the heritability estimates over time reveals that OCS is remarkably stable, with heritability estimates of approximately 55% at younger ages, 11 with a decrease at age 12, in which part of the variance was accounted for by shared environmental influences, continuing to 55% at ages 14 and 16, and 45% in adulthood. 15 This decrease in heritability between children/adolescents and adults may reflect the bimodal distribution found in the clinical OCD literature, 1, 2 which found early-onset OCD to be associated with a higher genetic load compared to late-onset OCD.
By demonstrating that genetic factors are influencing OC symptoms also in adolescence, gene finders are given a strong signal to pursue. However, a relatively stable heritability does not automatically imply that the same genes are involved at different ages. Only longitudinal data can elucidate whether the genes associated in childhood 15 also persist in adolescence and even in adulthood. As the Netherlands Twin Register grows and the twins are getting older, future studies will focus on longitudinal analyses of OC symptoms from childhood to adolescence to adulthood.
The results of this study should be interpreted in the context of several potential limitations. First, the genetic and environmental contributions presented in this report reflect YSR-OCS scores, not clinical measures of DSM-IV OCD. Because of the relatively low prevalence of OCD, twin studies rely on dimensional measures with the underlying assumption that OCD reflects the end of a normal distribution, whereas OC symptoms represent a milder form of the latter. 18, 34, 35 Because the current twin analyses are based on a liability threshold model, it should make no difference if the studied variable is dimensional as long as it reflects the same underlying liability as the categorical diagnosis. 36 Second, the use of twin models requires several assumptions, including the absence of assortative mating, the equal environment assumption, and the absence of geneYenvironment interaction and correlation. van Grootheest et al. 37 found that small, but significant assortative mating existed for OC symptoms but concluded that the bias in twin studies caused by the small amount of assortment is negligible. Jonnal et al. 18 tested the equal environment assumption for OC symptoms and concluded that the equal environment assumption was not violated. GeneYenvironment interaction could affect twin similarity in either direction depending on whether both twins are exposed to the specific environmental factor in question; to our knowledge, geneYenvironment interaction and/or correlation have yet to be demonstrated for the phenotype studied here.
Third, the eight-item YSR-OCS is not suitable for examining OC symptom dimensions. There is more and more evidence that OCD or OC symptoms appear to encompass at least four consistent and temporally stable symptom dimensions. 38 By considering these OC symptom dimensions as quantitative components of a more complex OC phenotype, a dimensional approach could provide a more powerful approach for the detection of genes or environmental risk factors that contribute to OC behavior. 39 We recently found evidence of specific genetic and environmental factors underlying the contamination dimension, 40 underscoring the potential value of OC symptom dimensions in this field of research. 41 In summary, the present study suggests that heritability estimates of OC symptoms in adolescence are similar (55%) to the heritability estimates in children, with a decrease around the age of 12. At 12 years, a clear contribution of shared environment was found to the variation of OC symptoms. Sex differences in scores on OC symptoms were found, with girls scoring higher on OC symptoms at the ages of 14 and 16, but not at age 12. The present study underscores the importance of conducting more research on OC symptoms in the adolescent period.
